Objective To examine how use of medical care biases the well-established associations between Parkinson disease (PD) and smoking, smoking-related cancers, and selected positively associated comorbidities.
Epidemiologic studies examining the association between medical conditions and Parkinson disease (PD) may provide valuable insight into the etiology and pathophysiology of PD. However, access to and use of medical care may bias the association between 2 medical conditions, 1 but this bias rarely is considered in studies of PD. Even when all participants in a study have health insurance, their use of medical care, i.e., actual interactions with the health care system, could still bias the observed association between PD and another medical condition. The observed association can be distorted because people who obtain more medical care have more opportunity than others to be diagnosed with a variety of medical conditions. 1 We hypothesized that use of care would bias associations between PD and other medical conditions and, specifically, that the association would be biased upward. This is important because true inverse associations might be missed, while observed positive associations might be inflated and, thus, potentially spurious. Therefore, in a large, population-based study of universally insured patients, we examined how use of medical care biases several well-established associations between PD and other medical conditions.
Methods
Standard protocol approvals, registrations, and patient consents This study required only deidentified data and was approved by the institutional review board at Washington University in St. Louis and by the Centers for Medicare and Medicaid Services.
Study design and eligibility criteria
We conducted a large, population-based, case-control study using detailed Medicare data as described previously. 2 Briefly, we used carrier (physician/supplier Part B), outpatient, inpatient, skilled nursing facility, durable medical equipment, and home health care claims from 2004 to 2009 and the 2009 beneficiary annual summary file (BASF) to construct the sample, obtain demographic data, and identify all medical conditions. All participants were age-eligible for Medicare by January 1, 2007 (born by February 1, 1942) and met the following criteria for 2009: Medicare Part A or B coverage, no Medicare Advantage plan coverage, residence in any of the 50 states in the United States, and age 90 years or younger at year end (or death in 2009 after diagnosis/reference).
PD case identification
We identified incident PD cases using ICD-9-CM diagnosis codes. We included eligible Medicare beneficiaries with at least one ICD-9-CM code for PD (332 or 332.0) in 2009, but not in [2004] [2005] [2006] [2007] [2008] , and without Lewy body dementia (ICD-9-CM 331.82) or other neurodegenerative disease of the basal ganglia (ICD-9-CM 333 or 333.0). 2 In total, we included 89,790 incident PD cases, representing all 2009 beneficiaries with incident PD who met study eligibility criteria. This number of cases is consistent with prior studies of PD in Medicare. 3 
Control selection
We identified beneficiaries who had no ICD-9-CM code for PD or the similar conditions noted above in 2004-2009 but who otherwise met the same study eligibility criteria as cases. We randomly selected 118,095 as controls, representing 0.5% of all potential controls. 2 
Ascertainment of other medical conditions
We used ICD-9-CM codes in [2004] [2005] [2006] [2007] [2008] [2009] prior to the PD diagnosis or a randomly assigned control reference date in 2009 to identify the presence/absence of selected medical conditions known as associated with PD. We included 6 conditions known to be positively associated [4] [5] [6] [7] [8] with PD: REM sleep behavior disorder, anosmia (within a code for smell or taste disturbance), constipation, dementia/ Alzheimer disease (AD), 9 depression, and anxiety. Smoking is the most well-established factor inversely associated with PD, 10 and cancer is generally inversely associated with PD, as well. 4 Therefore, we evaluated tobacco smoking and the 2 cancers with very high (>80%) attributable risk for smoking (lung cancer and laryngeal cancer). [11] [12] [13] We made a dichotomous ever vs never smoking variable with 4 codes specific to tobacco use: history of smoking (ICD-9-CM V15.82), nicotine dependence (ICD-9-CM 305.1), and 2 procedure codes for tobacco cessation counseling (99406 and 99407). We also made a more comprehensive ever smoking variable. This variable was a continuous variable that represented the probability of having ever smoked. We assigned all participants with a smoking-specific code or either of the above 2 smoking-related cancers a 100% probability of ever smoking. We assigned all other participants a probability that could range from 0% to 100%. Specifically, we used a logistic regression model based on >600 diagnosis and procedure codes indicative of 15 other conditions, along with demographic factors associated with smoking (sex, race/ ethnicity, and birth cohort) to estimate this probability of ever smoking. We calculated and validated this probability as described previously. 2 For the present work, we retained this probability as a continuous variable that could range from 0 (never smoked) to 1 (ever smoked) and that also contained intermediate values. We coded the variable this way so that Glossary AD = Alzheimer disease; BASF = beneficiary annual summary file; CCI = Charlson comorbidity index; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; OR = odds ratio; PCSA = primary care service area; PD = Parkinson disease. the interpretation of the respective odds ratio (OR) would be comparable to the above dichotomous ever smoking variable.
Use of medical care variables
We obtained or created 5 continuous variables to quantify the use of medical care prior to PD diagnosis/reference. Two were geographic-level indicators: primary care use by Medicare beneficiaries in the region of residence and travel time from the region of residence to an urban area (where most neurologists and specialists practice). Three were individuallevel indicators: number of visits (inpatient, outpatient, skilled nursing facility, physician office, and a dichotomous indicator for home health agency visits), number of unique diagnoses (5-digit ICD-9-CM codes), and number of different types of physicians/providers seen. For the 2 geographic-level indicators, we linked the beneficiary's zip code of residence in 2009 from the BASF to publicly available data using the geographic information systems software ArcMap version 10.4.1 (Esri, Redlands, CA). For travel time to an urban area, we used a publicly available 5-digit zip code-level variable "TDIS1B" from U.S. Censusbased data on rural-urban commuting area codes 14 and then weighted this categorical variable by travel time to an urban center (0, 15, 37, 52, 67, 82, 90 minutes, i.e., each category's midpoint). For primary care use by Medicare beneficiaries in the region, we used the "PAR_PC10" variable from the US Health Resources & Service Administration data, which is the age-, sex-, and race-adjusted rate of total number of "primary care visits" in 2010 per Medicare beneficiary in the primary care service area (PCSA). 15 A PCSA is the smallest geographic area that can be considered a discrete service area for primary medical care. BASFs, we computed 5 "visit" variables. We summed each of the following: total number of days admitted as an inpatient ("IPSTY" variable), total number of days in a skilled nursing facility ("SNF_COVDYS"), total number of outpatient visits ("OPSTY"), and total number of physician/Part B carrier visits ("PHSVST"). We also computed a dichotomous indicator for home health agency visits. Second, we summed the total number of unique 5-digit ICD-9-CM codes observed in any of the 5 files detailed above. We did this for 2004-2008 for comparability to the visit variables, and then for completeness, created a second count variable including 2009 claims data up to diagnosis/reference. Third, we counted the total number of unique types of physicians/providers seen in the same period.
In addition, we calculated morbidity indices using all diagnosis codes up to diagnosis/reference. Specifically, we calculated a modified Charlson comorbidity index (CCI), 17 while weighting categories using the Deyo 18 and Quan 19 methods.
We also calculated 28 dichotomous modified Elixhauser comorbidity measures 20 while excluding PD (332.0) and extrapyramidal diseases (333.9, 333.99). Although these indices are not measures of use of care per se, the CCI and Elixhauser index are validated indicators of mortality, which could affect use of medical care.
Statistical analysis
We performed all statistical analyses in Stata MP version 14.2 (StataCorp LP, College Station, TX). Our goal was to understand how bias from use of medical care distorts the association between PD and other medical conditions. We examined this through a 3-step approach. In the first step, we calculated the OR between PD and one other medical condition while adjusting for age, sex, and race, which are demographic factors known as associated with PD. 3 In the second step, we calculated the OR between PD and the same medical condition while adjusting for these same demographic variables and for the specified use-of-care variable(s). Adjustment is a standard method for eliminating bias caused by a confounder. Although, technically, use of care can also contribute to the association between PD and another condition as a mediator, this contribution is not of interest because it does not reflect shared pathophysiology, genetics, or putative exposures. In this instance, adjustment for use of care produces ORs between PD and the medical condition above and beyond the contribution of use of care as a mediator while simultaneously removing the effect of use of care as a confounder. Finally, in the third step, we compared the above 2 age-, sex-, and race-adjusted ORs (with vs without adjustment for use of care). We formally compared these 2 ORs by calculating the percentage change (absolute difference in ORs divided by the OR without adjustment for use of care).
We calculated all ORs and their respective 95% confidence intervals through unconditional multivariable logistic regression models in which PD was the outcome variable and the other condition of interest was the "exposure" variable. We adjusted for age continuously as 2 linear splines with a knot at age 85. We adjusted for race in 7 categories: white, black, Asian, Pacific Islander/other, Native American, Hispanic ethnicity, and unknown race/ethnicity. Only 0.9% of cases and controls were in the unknown race category. Otherwise, all exposure and covariate data were known. We modeled each use-of-care variable as a continuous measure. The only exceptions were the dichotomous home health care variable and the Elixhauser index variables. For the latter, we first introduced all 28 variables simultaneously. We then only retained those significantly associated with PD after Bonferroni correction. Otherwise, if a model contained more than one use-of-care variable, we verified that all were positively associated with PD, i.e., that none became inversely associated with PD due to collinearity.
We repeated all analyses while dividing cases approximately in half according to certainty of PD diagnosis as detailed previously, 2 and then we compared each case group to all controls. For the more certain case group, we required at least one ICD-9-CM code from a neurologist or ≥3 PD codes in 2009 (n = 50,395), while the less certain group had <3 PD codes in 2009, none from a neurologist (n = 39,305).
Data availability
Because data for the present work originated from the Centers for Medicare and Medicaid Services, the authors are not authorized to make these data available.
Results

Characteristics of participants
Most participants (89% cases, 86% controls) were nonHispanic white, and slightly more than half (51% cases, 57% controls) were women, indicating significant differences between PD cases and controls, consistent with prior studies 4 (both p < 0.001) (table 1). We likewise confirmed that PD risk increased with age. In addition, PD cases demonstrated markedly greater use of medical care by all individual-level measures of use of care as compared to controls (all p < 0.001, after adjusting for age, sex, and race). However, PD cases and controls were very similar regarding number of primary care visits in the PCSA. PD cases could reach an urban area in slightly less time on average than controls.
Associations between PD and selected medical conditions When only adjusting for age, sex, and race, we did not observe the expected inverse association between PD and smoking, lung cancer, and laryngeal cancer. However, we did observe significant positive associations as expected between PD and constipation, REM sleep behavior disorder, anosmia, depression, anxiety, and dementia/AD. Models also adjusting for geographic-level indicators of use of care produced very similar ORs when compared to the respective model that did not adjust for use of care (table 2) .
In contrast, when we adjusted for individual-level indicators of use of care, ORs between PD and all conditions of interest were affected, sometimes markedly (table 2) . ORs were universally lower after adjustment for use of care regardless of the individual-level indicator selected or whether the association with PD is known to be positive or negative (inverse). These adjustments were particularly notable for conditions known to be negatively associated with PD: Smoking and related conditions became inversely associated with PD only after adjustment for use of care. Adjustment for some individual-level use-of-care variables lowered the ORs of interest more than others. The effect was more marked for all selected medical conditions when adjusting for the total number of unique ICD-9-CM codes in 2004-2008, than when adjusting for the total number of medical visits in the same years (table 2) . ORs decreased further when we adjusted for the total number of unique ICD-9-CM diagnosis codes in 2004-2009, i.e., also counted diagnoses that occurred in the months immediately before PD diagnosis/reference. We verified that this more aggressive adjustment was not driven by the inclusion of codes that might indicate PD per se (ICD-9-CM codes 332.1-333.99 and 15 additional PD-predictive codes previously classified as PD symptoms 2 ). Excluding these codes from the count of diagnosis codes resulted in ORs that were within 3% of the ORs adjusted for the total count of diagnosis codes (not shown in tables). The total number of type of physicians seen in 2004-2009 was strongly associated with the total number of unique ICD-9-CM codes for both cases and controls (Spearman ρ = 0.82-0.90). Accordingly, addition of this variable to the model with adjustment for count of diagnosis codes did not markedly change ORs further (not shown), but when alone, did decrease ORs markedly for all conditions (table 2) . Similarly, ever smoking probability was also associated with unique ICD-9-CM codes for both cases and controls (Spearman ρ = 0.21-0.23), and adjustment for this in addition to count of diagnosis codes also did not materially change the ORs, with the exception of the smoking-related conditions, which were attenuated as expected.
When we adjusted for the comorbidity indices, the effect on ORs again was universally downward (table 3) . Specifically, Elixhauser-adjusted ORs were relatively similar to those adjusted for count of ICD-9-CM codes for most conditions considered. However, adjusting for CCI, which weighs heavily for cancer, was notably less aggressive for most conditions, with the exception of lung and laryngeal cancer. Furthermore, the Elixhauser-adjusted ORs for depression, anxiety, and dementia/AD were markedly lower (adjusted further) as compared to ORs adjusted for other use-of-care variables.
Overall, adjusting for individual-level use-of-care variables decreased ORs between 8% and 58%, depending on the medical condition and use-of-care measure (table 4) . Adjustment for the comorbidity indices had even more variable effects on the ORs, ranging effectively from no change to a 65% decrease. We confirmed all of these results in the sensitivity analysis in which we divided PD cases according to certainty of diagnosis and then compared each PD case group to all controls. That is, adjustment for use of care decreased ORs by a relatively similar percentage for all medical conditions, regardless of PD case certainty (table 4) .
Discussion
This study provides strong evidence that the association between PD and other medical conditions can be biased substantially if use of medical care is not taken into account. After adjustment for use of care, our ORs for the conditions of interest had the same direction and a more similar magnitude to those reported in previous literature. Most notably, smoking became inversely associated with PD, as expected. A recent methods-oriented study that focused on the effect of use of care on the relationship between 3 pairs of medical conditions (diabetes and depression, depression and weight loss, and hypertension and myocardial infarction) observed similar results.
1 Like our study, ORs decreased markedly with adjustment for the number of medical visits and/or CCI.
Our findings almost certainly extend beyond the chosen conditions of interest. We consistently observed that without adjustment for use of care, the association between PD and any medical condition may be biased upward. This has important implications for prior studies of PD and other medical conditions. Typically, prior studies have not adjusted for use of care. Without this adjustment, one might derive incorrect conclusions from the observed results. Specifically, when a positive association between PD and another condition is observed, the association may be partly or fully attributable to bias by use of care. It is even possible that there is an inverse association between PD and the condition. There are numerous examples of studies that report a novel medical "risk factor" for PD. While the reported positive association may provide valuable information on the pathophysiology of PD, it is also possible that adjustment for use of care could eliminate or even reverse the association. In contrast, when an inverse association is observed between PD and another medical condition, the association is unlikely to be attributable to bias from use of care. Rather, adjustment for use of care would likely strengthen the inverse association, moving the observed relative risk estimate further below null. Finally, if the observed association is null, it is unlikely that there is a positive association, but one cannot rule out an inverse association. As such, when examining the relationship between PD and another medical condition, the association or lack thereof should be interpreted in light of the potential for bias by use of care. Understanding the true relationship between PD and other medical conditions is critical to prioritize the PD 29 and anxiety (300.0-300.9). 30 f Percent not applicable. The predicted probability of ever smoking is a continuous variable ranging from 0 to 1, estimated previously 2 from 17 conditions identified using >600 ICD-9-CM and procedure codes prior to PD diagnosis/reference date, sex, race, and birth cohort. These codes include the 4 smoking-specific codes and ICD-9-CM codes for lung cancer and laryngeal cancer specified in the above footnote. g Participants in this study were matched by sex and year of birth. h The model adjusted for age, smoking, coffee consumption, constipation, excessive daytime sleepiness, and Cognitive Abilities Screening Instrument score. i Participants in this study were matched by sex and age. j Studies found analyzed the association between dementia in family members and PD. These studies observed ORs between 2 and 3, which we used to check the reasonability of our results. 4 research agenda as well as to guide the development of potential biomarkers and therapeutics.
Our analysis also provides practical information for future analyses of the relation between PD and other medical conditions. As evidenced by our study, restriction to a population with access to health insurance is not sufficient. Our statistical approach is easy to implement and is appropriate if use of care acts as a confounder or mediator. Comparing logistic regression models with and without adjustment for use of care, we explored the extent to which several indicators addressed bias by use of care. This approach is generally appropriate, and any potential bias that could be introduced would be negligible when the 2 diseases of interest are not perfectly ascertained by the methods of ascertainment. 21 Of note, for all conditions of interest, the individual-level indicators of use of care led to marked corrections to the ORs. In addition, measures that captured the number of diagnoses, number of types of physicians seen, and the Elixhauser comorbidities, as opposed to the number of visits and CCI, appeared to more aggressively adjust ORs of PD and most conditions of interest. Similarly, individual-level indicators derived from claims data up to PD diagnosis/reference decreased ORs more than indicators restricted to the years prior. The months immediately before PD diagnosis may legitimately contribute to greater ascertainment of PD. Our prior research in this dataset, 22 and research conducted in other large case-control studies, indicates that the positive association between PD and various traumas is greatest in the 3 months before PD diagnosis. 23, 24 In practice, potentially only one individual-level variable is sufficient for adjustment for use of care. The number of diagnosis codes and number of types of physicians seen are relatively simple to calculate, and adjusting for them brought the well-established PD-smoking association closest to the Abbreviations: AD = Alzheimer disease; CI = confidence interval; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; OR = odds ratio; PD = Parkinson disease. a OR and 95% CI, based on 89,700 cases and 118,095 controls, adjusted for sex, age (continuously using 2 linear splines with a knot at age 85), race (as 7 categories: white, black, Asian, Pacific Islander/other, Native American, Hispanic ethnicity, and unknown race/ethnicity), and the specified comorbidity index. b A single continuous score ranging from 0 to 33 based on 17 weighted dichotomous indicators of myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, mild liver disease, moderate or severe liver disease, diabetes, diabetes with chronic complications, renal disease, rheumatologic disease, peptic ulcer disease, hemiplegia, any malignancy, metastatic solid tumor, and AIDS. c Twenty-eight dichotomous Elixhauser comorbidity measures, excluding ICD-9-CM codes for PD (332.0) and extrapyramidal diseases indicative of PD (333.9, 333.99). d Seventeen dichotomous Elixhauser comorbidity measures significantly associated with PD including variables for congestive heart failure, pulmonary circulation disorders, peripheral vascular disease, hypertension, paralysis, other neurologic disorders, hypothyroidism, metastatic cancer, rheumatoid arthritis, obesity, weight loss, fluid electrolyte disorders, deficiency anemias, psychoses, and depression. e Medical conditions before PD diagnosis/reference date, ascertained using the following ICD-9-CM codes: lung cancer (162. 29 and anxiety (300.0-300.9).
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f Continuous variable ranging from 0 to 1, estimated previously 2 from 17 conditions identified using >600 ICD-9-CM and procedure codes prior to PD diagnosis/reference date, sex, race, and birth cohort. Continued expected OR. Of these 2 single variables, the number of diagnosis codes decreased ORs more aggressively than did the number of provider types. Excluding codes indicative of PD from the total count of diagnosis codes might be appropriate to avoid overadjustment, but this subjective refinement affected results very minimally. In contrast, Elixhauser and CCI adjustments require multiple variables, and there might be greater potential for overadjustment for conditions that particularly influence these indices, although underadjustment has also been reported. 25 We observed evidence of both overand underadjustment when adjusting for comorbidity indices instead of number of diagnosis codes. The potential for underadjustment is consistent with another Medicare-based study that found that the number of diagnoses was more predictive of 30-day mortality than the CCI. 26 And, finally, while the number of visit variables are conveniently already calculated in the Medicare base file, they did not adjust for use of care as aggressively as the other individual-level indicators, even when all used in combination. In summary, adjustment for some individual-level indicators of use of care is necessary when evaluating associations between medical conditions and PD, and there are some advantages to using the total unique count of diagnosis codes in particular. In contrast, geographiclevel indicators are not sufficient substitutes for an individuallevel indicator of use of care. This is unsurprising since we expect more error in geographic-level indicators. In addition, they were not strongly associated with PD in our study and, therefore, had limited ability to alter ORs.
The strengths of this study are the large population-based sample that included all eligible incident PD cases, a randomly selected and highly comparable control group, and a comprehensive set of claims data. These data covered claims beyond inpatient and outpatient files, from which we were able to compute a wider range of measures of use of care. The main limitation of our study is that we cannot determine whether bias by use of care would have such marked effects in all studies of PD, or whether this effect is specific to Medicare data. It is possible that administrative claims data may be more affected by bias by use of care. 25 We may have been able to observe this phenomenon clearly in our study for several additional reasons. First, our claims data extended back 5 years prior to PD diagnosis, and it is generally accepted that the prodromal period extends back fully into this period. 27 Most PD cases were likely already symptomatic and, therefore, accelerating their interaction with the health care system. Second, because this was a population-based study, we were not forced to make controls overly similar to PD cases regarding use of medical care. Third, we restricted our study to age-eligible Medicare beneficiaries to make it a population-based sample. We cannot rule out the possibility that bias by use of care is accentuated in this relatively old (66-90 years) population-based sample of beneficiaries who only have Medicare coverage. Another limitation is that our dichotomous smoking variable was based on only a few diagnosis and procedure codes. The prevalence of smoking in both cases and controls is much lower than expected, 28 consistent with substantial misclassification that could account for our observed OR for smoking and PD being closer to the null than reported in previous studies. However, we observed a similar effect of adjustment for use of care when we used a more comprehensive smoking variable that yielded ORs much more similar to those observed in previous studies. 10 Lastly, the exact magnitude of the ORs for the other conditions we considered is less well established. While this 29 and anxiety (300.0-300.9).
c More certain PD cases (n = 50,395) are those with an ICD-9-CM code for PD from a neurologist or ≥3 ICD-9-CM codes for PD in 2009. Less certain PD cases (n = 39,305) are those with <3 ICD-9-CM codes for PD in 2009, none from a neurologist. All ORs were based on the specified PD case group relative to all controls (n = 118,095). d Before PD diagnosis/reference date. Visits are the total number of inpatient, outpatient, skilled nursing facility, physician/Part B carrier, as continuous variables, and a dichotomous variable for home health agency visits. Counts of unique ICD-9-CM diagnosis codes are based on 5-digit codes. e The age-, sex-, and race-adjusted odds ratio did not materially change with adjustment for the Charlson comorbidity index (increased by <1%). f Continuous variable ranging from 0 to 1, estimated previously 2 from 17 conditions identified using >600 ICD-9-CM and procedure codes prior to PD diagnosis/reference date, sex, race, and birth cohort.
limits our ability to interpret our results, we note the consistency of results across all conditions examined, as well as with the prior literature on the effect of adjusting for use of care.
Overall, our study findings suggest that adjustment for use of care should be considered when evaluating the association between PD and another medical condition. Our findings also suggest that some prior positive associations between novel risk factors and PD reported in the literature may be inflated and, therefore, perhaps spurious.
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